I
n 1888, the Austrian chemist Friedrich Reinitzer was trying to measure the melting point of cholesteryl benzoate crystals [1] when, much to his surprise, he observed not one but two phase transitions. Reinitzer had inadvertently discovered liquid crystals. In this cloudylooking phase, intermittent between a solid and a liquid, the molecules are at random positions but nonetheless break rotational symmetry. The essence of this type of order escaped the physics community until the 1960s, when Pierre-Gilles De Gennes realized that the order parameter describing it could not be expressed as a number (like the density of a gas) or a vector (like the direction of a solid's magnetization), but only by a more complex mathematical entity: a tensor [2] . Soon after, theorists predicted that a quantum version of a common type of order found in liquid crystals, known as nematic order, might be possible in a lattice of spins [3] . Yet besides being observed in condensates of cold atoms [4] , spin-nematic order has remained elusive. Among solids, the most promising spin-nematic candidate today is the copper oxide LiCuVO 4 [5] . Thanks to nuclear magnetic resonance (NMR) measurements performed at high magnetic fields, Anna Orlova of France's National Laboratory for Intense Magnetic Fields (LNCMI) and colleagues now provide the strongest evidence to date that LiCuVO 4 indeed exhibits a spin-nematic phase [6] .
Like liquid crystals, spin systems are predicted to exhibit different types of nematic phases. The simplest example is the quadrupolar phase of a lattice of spin-1 atoms. The projection of a spin 1 atom onto a given direction, say z, can take the values -1, 1, or 0. The value of 0 corresponds to a nonmagnetic atom because the quantum expectation values for the spin magnetic moments along x, y, and z are all zero. However, while the expectation value for spin fluctuations along z also vanishes ( S 2 z = 0), those for fluctuations along x and y ( S 2 x and S 2 y ) do not ( Fig. 1, left lar order sets in, all spins are in this nonmagnetic state and fluctuating perpendicular to a fixed direction known as the director, which can vary from site to site. The order can be stabilized by biquadratic interactions between spins and is defined by an order parameter that is a tensor, not a vector. A similar nematic phase is also possible for spin-1/2 systems, but the physics is more complicated. Locally, any spin-1/2 atom is magnetic because its spin must point up or down along some direction. To form a spin-nematic phase, the spins must therefore somehow pair up to have a spin of 1. This can occur in an interesting way for spin-1/2 atoms in a magnetic field close to "saturation," that is, a field strong enough to fully polarize the spins [7] . In this situation, single-spin flips that propagate through the lattice, called magnons, will usually form a condensate, analogous to a Bose-Einstein condensate of atoms. However, magnons can attract one another, and if this attraction is strong enough, they can form bound states that condense before the single magnons do. In this phase, single spin-flip correlations decay exponentially, but correlations between pairs of spin flips are long-ranged. The order parameter for this phase is defined by a product of two spin operators S The above scenario is thought to happen in LiCuVO 4 . In this compound, each copper ion has a spin of 1/2 and interacts strongly only with its closest neighbors along one of the crystal axes, thus forming quasi-1D spin chains. For a field just below saturation along an arbitrary direction, say z, the predicted spin ground state [7] is a condensate of bound magnons in which pairs of neighboring spins fluctuate around a director that alternately points along x or y (Fig. 1, right) .
The first experimental evidence for this exotic phase in LiCuVO 4 came in 2011, when a team measured the material's magnetization in a high applied magnetic field. As they lowered the field strength by a few tesla (T) from saturation (which occurs close to 50 T in LiCuVO 4 ), they observed a kink in the magnetization [5] . They interpreted this feature as indicating a transition from a condensate of bound magnons to one of single magnons.
Orlova et al. have taken a significant step towards confirming that the phase above the kink corresponds to spinnematic order by showing that it is not magnetically ordered perpendicular to the field (see note in Ref. [8] ). In other words, this phase cannot be described by a vector and is therefore probably nematic in nature. To do so, the team performed a tour de force NMR measurement, in which they succeeded in determining the resonant frequencies of the compound's vanadium nuclear spins in fields as high as 55 T by using pulsed fields that lasted a few milliseconds; with today's technology, steady fields can only reach 45 T. The NMR frequency spectrum is very sensitive to the local magnetic field at the vanadium-ion sites, probing the total external field plus any internal field produced by the magnetic moments of the neighboring copper ions. In a nonmagnetic phase, like that expected for spin-nematic ordering, the internal field is the same at every site, so the NMR spectrum consists of a single line that shifts but does not broaden when changing the applied field. By contrast, if the field induces an ordering of the copper spins, different vanadium sites will be exposed to different local fields and the spectral line will broaden into a shape that's indicative of the particular magnetic order. Orlova et al. found that, as they decreased the strength of the pulsed magnetic field to just below saturation, a phase appeared in which the vanadium line shifted but did not broaden with respect to the line above saturation-clearly indicating the absence of magnetic order. No broadening was observed until the field was further reduced and a spin-density phase, known from previous experiments, formed.
Despite this progress, Orlova and colleagues' work doesn't constitute a definitive proof of spin-nematic order, which would require sensitivity to fluctuations of the twospin operator that defines the order parameter. The most direct way of doing so would be to use a light-scattering probe such as Raman scattering [9] . Alternatively, spinnematic order has been shown to have specific consequences on spin relaxation rates, which can be measured with NMR, and on the intensity of the Goldstone modes of that phase, known as quadrupolar waves, which can be detected by neutron scattering [10] . However, performing all of these experiments at the necessarily large magnetic fields would be a real challenge.
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